SIAH-1, a human homologue of the Drosophila seven in absentia (Sina), has been implicated in ubiquitinmediated proteolysis of dierent target proteins through its N-terminal RING ®nger domain. SIAH-1 is also induced during p53-mediated apoptosis. Furthermore, SIAH-1-transfected breast cancer cell line MCF-7 exhibits an altered mitotic process resulting in multinucleated giant cells. Now, using the two-hybrid system, we identi®ed two new SIAH interacting proteins: Kid (kinesin like DNA binding protein) and a-tubulin. We demonstrate that SIAH is involved in the degradation of Kid via the ubiquitin ± proteasome pathway. Our results suggest that SIAH-1 but not its N-terminal deletion mutant, aects the mitosis by an enhanced reduction of kinesin levels. Our results imply, for the ®rst time, SIAH-1 in regulating the degradation of proteins directly implicated in the mitotic process. Oncogene (2000) 19, 5997 ± 6006.
Introduction
SIAH-1 protein is a human homologue of the Drosophila seven in absentia (Sina), a RING ®nger (C 3 HC 4 )-containing protein required for R7 photoreceptor development (Carthew and Rubin, 1990) . In R7 cells, Sina acts together with Phyllopod, induced by the sevenless-Ras-Raf pathway (Chang et al., 1995; Dickson et al., 1995) , to target the repressor of cell fate determination Tramtrack (Tkt88) for degradation through the proteasome pathway (Li et al., 1997; Tang et al., 1997) . The phenotype of sina¯ies mutant is not restricted to eye abnormalities but aects other sensory organs, includes sterility, a 10-fold lifespan reduction, lethargy and uncoordination in adults (Carthew and Rubin, 1990) .
Mouse Siah (Siah-1a, Siah-1b and Siah-2) and human SIAH (SIAH-1 and SIAH-2) proteins dier from one another and from Drosophila Sina in their Nterminal region. Over their C-terminal 250 amino acids, these proteins share more than 85% amino acid identity (Della et al., 1993; Holloway et al., 1997; Hu et al., 1997a; Nemani et al., 1996) . Although the function of the mammalian SIAH proteins has not been elucidated, these proteins have been involved in ubiquitin-mediated degradation of their partners such as the receptor for netrin-1 (DCC, deleted in colorectal cancer) and the nuclear receptor corepressor (N-CoR) (Hu et al., 1997b; Zhang et al., 1998) . This activity is mediated by the RING ®nger domain of SIAH proteins (Hu and Fearon, 1999) . The murine Siah-1 is a p53-induced gene and its human counterpart SIAH-1 is activated during tumor suppression and apoptosis, notably during physiological apoptosis occurring in the intestinal epithelium Nemani et al., 1996) . Expression of SIAH-1 is also induced following transfection of p21 , a cyclindependent kinase inhibitor, along with spatial nuclear reorganization and tumor suppression (Linares-Cruz et al., 1998) . These studies suggested a role for SIAH-1 as a negative regulator of cell proliferation.
We previously showed, that overexpression of SIAH-1 in the epithelial breast cancer cell line MCF-7 blocked cellular growth by altering the mitotic process mainly during nuclei separation and cytokinesis, leading to multinucleated giant cell formation and tubulin spindle disorganization (Bruzzoni-Giovanelli et al., 1999) . In order to elucidate the mechanisms by which SIAH-1 interferes with the mitotic process we searched for SIAH-1-interacting proteins using the yeast two-hybrid genetic approach. We report here the identi®cation of Kid (Kinesin like DNA binding protein) and a-tubulin as new SIAH-interacting proteins. Kid is related to the Drosophila nod gene product involved in chromosomal segregation during meiosis (Theurkauf WE, 1992; Tokai et al., 1996) . The N-terminal half of Kid proteins binds to microtubules and its C-terminal domain is able to bind DNA. Kid is distributed all through the length of chromosomes during metaphase as well as along spindle structures (®bers and poles), suggesting a possible role for Kid in regulating the chromosomal movement along microtubules during mitosis (Tokai et al., 1996) . We demonstrate that Kid protein level increases during premitotic phases and is severely degraded through a proteasome pathway during mitosis. SIAH-1 overexpression results in an enhanced proteasome dependent degradation of Kid and we provide evidences for a SIAH-1 mediated ubiquitination of Kid. This degradative process and the resulting phenotype in SIAH-1 transfected MCF7 cells, seems to be mediated by the N-terminal region of SIAH-1 containing the RING ®nger domain. The enhanced degradation of Kid seems responsible for the mitotic alterations observed in SIAH-1 overexpressing cells (BruzzoniGiovanelli et al., 1999) .
Results

Identification of Kid and a-tubulin as SIAH interacting proteins
We recently reported that stable transfection of MCF-7 cells by SIAH-1 induced a speci®c phenotype including multinucleated giant cells and altered spindle formation and cytokinesis (Bruzzoni-Giovanelli et al., 1999) . In order to identify the possible molecular mechanisms involved in this phenotype, we searched for SIAH-1 interacting proteins using the yeast two-hybrid system. From the screening of approximately 1.4610 6 clones of a Jurkat-T cells cDNA library, 130 clones were analysed for their speci®c interactions with SIAH-1. The nucleotide sequences of three speci®c clones from three independent fusions were identical to that of Kid, a new kinesin family member. The overlapping clones corresponded to residues 350 ± 665 (H79), 404 ± 665 (H16) and 461 ± 665 (H8) of the C-terminal portion of Kid (Figure 1a, c) . This region contains a domain implicated in DNA binding whereas the N-terminal portion of Kid is similar to the motor domain of kinesin like proteins (Tokai et al., 1996) . From the same screening we also isolated two clones identical to a-tubulin. The two overlapping clones encoded 150 ± 451 (A62) and 210 ± 451 (A110) C-terminal amino-acids of a-tubulin (Figure 1b,c) . Interestingly this region is also involved in the binding of microtubule associated proteins (MAPs) and motor proteins (Nogales et al., 1998) . No transactivation was seen when the dierent Kid or a-tubulin clones were co-expressed with unrelated fusion plasmids (pLex-Ras v12 or pLex-lamin) ( Figure 1c and data not shown).
Specific interaction between Kid, a-tubulin and SIAH-1
To further con®rm the interaction between SIAH-1 and Kid, a glutathione-S-transferase (GST) Kid (aa 404-665) fusion protein was used to precipitate either endogenous or transfected SIAH-1 from Jurkat-T cells. As shown in Figure 2a , GST ± Kid but not GST alone could speci®cally interact with SIAH-1. In a similar experiment we showed that GST ± SIAH-1 was able to precipitate a-tubulin from a total extract of Jurkat-T cells (Figure 2b) . Similarly we were able to pull-down a-tubulin using GST ± Kid. It has been recently reported that the amino-terminal portion of Kid (aa 1-525) including the motor-like domain, interacted with taxol-stabilized microtubules (Tokai et al., 1996) . Here we found that a partially overlapping region of Kid interacts with a-tubulin. This region located between aa 404 to 665 of Kid, is adjacent to the motor domain conserved among the kinesin family members.
We used puri®ed proteins to demonstrate the direct interaction of SIAH-1 with Kid and a-tubulin. GST ± Kid was able to pull-down either puri®ed SIAH-1 or tubulin (Figure 2c ). We also veri®ed a direct interaction between GST ± SIAH-1 and puri®ed tubulin (Figure 2c ). These data demonstrate that SIAH-1, Kid and a-tubulin interact individually with each other without the need for a third partner.
Further analysis with GST fusion proteins containing dierent portions of SIAH (460, DC, DE) showed that both Kid and a-tubulin interaction domains were located at the C-terminal half of SIAH (Figure 2d ). We detected strong Kid and a-tubulin interactions with either GST ± SIAH-2 (highly identical to SIAH-1 in the C-terminal domain) or with further deleted constructs (460 or DE) (Figure 2d ). Considering that DE is still able to interact with either Kid and a-tubulin, we concluded that the sequence relevant for binding was located between aa 139 and 217 of SIAH-2 (Figure 2d ). This region corresponds aa 99 to 177 of SIAH-1 and is highly conserved between SIAH proteins.
To explore SIAH-1 interaction with Kid in mammalian cells, Jurkat-T cells were transfected with either myc-tagged SIAH-1 expression vector alone or together with Kid. This approach was necessary since no speci®c antibody was able to immunoprecipitate these proteins. As shown in Figure 2e immunoprecipitation with anti-myc antibody allowed the detection of immuncomplexes containing Kid and SIAH-1 (lanes 2 and 3). As expected, Kid could not be detected neither in anti-myc immunoprecipiates from cells transfected with a control vector (lane 4), nor from myc-SIAH-1 transfectants immunoprecipitated with unrelated antibodies (anti-HA) (lane 1).
Kid expression is regulated during the cell cycle
Kid has been suggested to be involved in chromosome segregation during mitosis (Tokai et al., 1996) . Consistent with this hypothesis we found that in MCF-7 cells Kid accumulated in interphasic nuclei before mitosis. During mitosis Kid was clearly localized in spindles and on segregating chromosomes, and the intensity of its labeling decreased during the mitotic process ( Figure 3a ). This study was completed by a quantitative analysis during the cell cycle of protein extracts from synchronized MCF-7 cells (Figure 3b, c) . For this purpose MCF-7 cells were arrested in G0 by serum starvation, further released in the presence of serum and harvested at dierent times after release. As shown in Figure 3c , very low level of Kid was observed in quiescent cells after serum starvation with a majority of cells in G0 (lane 0 h). Fifteen hours after serum release the cell population in majority in G1/S, showed a marked accumulation of Kid ( Figure 3b ,c, lane 15 h). The protein level of Kid returned to the basal level when cells were allowed to complete mitosis (lane 39 h). This variation along the cell cycle was further con®rmed in synchronously growing MCF-7 cells blocked at dierent stage of the cell cycle with aphidicolin (G1/S phase, lane A) hydroxyurea (S phase, lane H) and nocodazole (M phase, lane N). These results demonstrate a modulation of Kid protein levels along the cell cycle. Interestingly, a slight increase of SIAH-1 protein is also observed during S-G2-M phases (Figure 3c ).
SIAH-1 regulates Kid stability
Since SIAH proteins have been implicated in ubiquitin-mediated degradation of several interacting proteins, the eect of SIAH-1 on Kid expression and
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A Germani et al stability was analysed. Total lysates from MCF-7 cells stably transfected with a control plasmid (RSV) or with SIAH-1 cDNA (1.4), were compared for Kid expression. A marked reduction of Kid protein levels was observed in dierent clones overexpressing SIAH-1 as exempli®ed in Figure 4a (clone 1.4). Northern blot analysis showed that the reduced protein level of Kid was neither linked to a general decrease in mRNA synthesis nor a speci®c RNA instability ( Figure 4b ). The decrease in Kid expression was further con®rmed by immuno¯uorescence labeling experiments on control (RSV) and SIAH-1-transfected cells ( Figure 4c , 1 and 2 respectively). In both cell types, endogenous Kid expression was detected as exclusively nuclear in interphasic nuclei. The percentage of positively stained nuclei was similar (36 ± 38%) in control and SIAH-1 transfected cells, but the intensity of labeling was strongly reduced in the latter ones (Figure 4c , 2). In transfected clones, nuclear staining of bi or multinucleated cells, was variable: some nuclei were positive, while others, even in close contact or non-separated, were negative for Kid expression.
In order to investigate whether SIAH-1 overexpression aected Kid protein levels through its targeting to proteasomal degradation, a proteasome inhibitor was added to the culture medium. As shown in Figure 4d (right panel), after 6 h of incubation in the presence of Lactacystin the reduced level of Kid protein in SIAH-1 transfected cells (clone 1.4) returned to a level comparable to that in control cells. Similar treatment of synchronized control RSV cells, revealed a strong increase of Kid in post-mitotic cells (Figure 4d left panel) .
A comparable analysis of a-tubulin expression did not evidence a variation of a-tubulin levels in cells overexpressing SIAH-1 in the presence or not of proteasome inhibitors (Figure 4a,d) .
To further con®rm the direct involvement of SIAH-1 in Kid degradation, we evaluated the possible ubiquitination of Kid in an in vitro ubiquitination reaction in the presence of SIAH-1, ubiquitin and a HeLa cell fraction containing the enzymes for ubiquitin conjugation. As shown in Figure 4e , using anti-Kid antibody, we were able to detect bands of Kid of increased molecular weight, only in the presence of SIAH-1 despite a weaker signal when ubiquitin was only provided by reticulocyte lysate (®rst and second lane). These results indicate that SIAH-1 could promote the ubiquitination of Kid.
The RING finger domain of SIAH-1 is required for Kid degradation and mitotic alterations
Recently, the RING ®nger domain present in the Nterminal region of SIAH-1 has been implicated in the degradation of interacting proteins. In order to investigate the involvement of this domain in the fuction (e) SIAH-1 dependent in vitro ubiquitination of Kid. Equivalent amounts of in vitro translated Kid were incubated with Hela extract (frII) in the presence (+) or absence (7) of ubiquitin, puri®ed SIAH-1 or its N-terminal deletion mutant (SIAH-1DN). The entire reaction was resolved by SDS ± PAGE and immunoblotted with anti-Kid antibody. The brackets indicate the presence of conjugated forms
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These results indicated that the RING ®nger domain of SIAH-1 was necessary both to promote kid ubiquitination and to induce mitotic alterations.
Discussion
The correct progression of mitosis involves organization of dynamic microtubules into a bipolar spindle, the migration of centrosomes, capture and stabilization of microtubules by chromosomes, and the establishment of antiparallel microtubule interactions in the spindle midzone. The forces required for the microtubule-based movements are generated by microtubule-associated motor proteins. The discovery of kinesin proteins associated with kinetochore has shed some light on these mechanisms coordinating chromosome movement with microtubule assembly and disassembly.
We recently reported that SIAH-1 overexpression inhibited cell growth by altering mitosis and increasing apoptosis. These alterations included anomalies of the mitotic spindle and abnormal chromosomal segregation associated with failure of cytokinesis, leading to multinucleated giant cells (Bruzzoni-Giovanelli et al., 1999) . In these cells, intercellular bridges containing DNA from non-segregated chromosomes were very common, we observed multipolar spindles evidenced by a-tubulin staining and vacuoles appear in the cytoplasm of multinucleated cells (Bruzzoni-Giovanelli et al., 1999) (Figure 5,1,2) . Some mitotic alterations were comparable with those described after Polo kinase gene disruption (Glover et al., 1999) 
or p21
Waf-1 overexpression (Sheikh et al., 1995) . Through a two-hybrid screen in yeast we detected the interaction of SIAH-1 with Kid, a member of the kinesin family proteins, and with a-tubulin. These interactions were con®rmed using GST ± SIAH fusion proteins and by coimmunoprecipitation experiments. The N-terminal half of Kid (aa 1 ± 525) has been implicated in the interaction with microtubules. This region shares signi®cant homology (more than 35% : aa 14 ± 357) with the motor domain of members of the kinesin family. We demonstrated a direct interaction between Kid and a-tubulin through aa 404 ± 665 of Kid. This region partially overlaps with the previously described microtubules interacting region (aa 1 ± 525). Interestingly the C-terminal region of Kid is also implicated in the binding to speci®c DNA sequences present in kinetochores (alphoid sequences) (Tokai et al., 1996) .
Considering that Kid, SIAH and tubulin could interact with each other independently of the third partner, we postulated the existence of a trimeric complex. Consistent with this hypothesis we did not observe a modulation of Kid/SIAH or Kid/tubulin in vitro interaction, by tubulin or SIAH respectively (data not shown). These results are in favor of an absence of cooperativity or competitivity in the binding of the partners.
Based on the binding capacities and the colocalization of Kid with mitotic chromosomes it has been proposed that Kid could be a linkage regulator of chromosome movement along microtubules during mitosis (Tokai et al., 1996) .
Kid protein levels cycle in cells with increasing quantities from interphasic to premitotic phases, with a dramatic decrease during late mitosis that could be overcome by cell treatment with proteasome inhibitors.
Sina and SIAH proteins have been shown to bind ubiquitin-conjugating enzymes through their N-terminal-RING ®nger domain, targeting their interacting proteins for ubiquitination and proteasomal degradation (Hu and Fearon, 1999; Hu et al., 1997b; Zhang et al., 1998; Li et al., 1997; Tang et al., 1997) . Moreover, several C 3 HC 4 RING ®nger-containing proteins have been characterized as ubiquitin-protein ligases (or E3s) (Freemont, 2000; Lorick et al., 1999) . Additionally, SIAH-1 contains also a HECT domain present in E3 ligases as Mdm2 or E6BP.
In SIAH-1 stably transfected MCF-7 cells, the level of endogenous Kid protein was markedly reduced. Treatment with lactacystin restored Kid protein level, consistent with the hypothesis that overexpressed SIAH-1 was targeting endogenous Kid for proteasomal degradation. Additionally, SIAH-1 was able to promote Kid ubiquitination in an in vitro assay but a deletion mutant of the N-terminal region, missing the RING ®nger domain, failed to exhibit this activity. The important decrease of Kid in SIAH-1 overexpressing cells could thus promote the inability to accomplish normal chromosomal segregation. Finally, neither a decrease of Kid protein level nor abnormal mitosis was observed in cells transfected with an N-terminal deleted SIAH-1.
As previously observed for p21
Waf-1 (BruzzoniGiovanelli et al., 1999) the distribution of Kid protein in SIAH-1-transfected cells was also asymmetric in bior multinucleated cells. The presence of positive and negative nuclei in a given multinucleated cell, suggested an asynchrony of progression in the cell cycle, enforced by the asymchronism of nuclear division. The very reduced growth rate of the SIAH-1 cells and the high level of multinucleation, hindered a clear evaluation of whether overexpressing cells could be blocked at a particular stage of the cell cycle. However, the accumulation of cells with persistent mitotic spindles, as intercellular bridges at the end of mitosis, indicated a probably block during late mitosis. During anaphase, the anaphase promoting complex (APC) or cyclosome induce destruction of several mitotic proteins via the ubiquitin-proteasome pathway (for review see Page and Hieter, 1999) . Our results on SIAH-1 mediated degradation of Kid and alteration of late mitosis suggest the possible involvement of the APC in the cyclic degradation of Kid. Interestingly, Kid has two dierent APC recognition signals: the RX 2 LX 4 N or D box (aa 223 ± 231, also present in SIAH-1) and the recently described KEN motif (aa 504 ± 506) (P¯eger and Kirschner, 2000) . According to our results and during the submission of this article, two reports showed that the Xenopus homologue of Kid (Xkid) was the motor protein providing the force that pushes chromosome arms toward the equator of spindle and that its degradation was necessary for anaphase chromosome movement (Antonio et al., 2000; Funabiki and Murray, 2000) .
We did not observe any signi®cant reduction of atubulin in MCF-7 cells stably transfected with SIAH-1. The mitotic alterations might then be due to a direct interaction of SIAH with both Kid and a-tubulin, destabilizing the microtubule structure. Consistent with this hypothesis, we characterized an interaction between SIAH-1 and the C-terminal half of a-tubulin that contains the MAP-interacting domain, also involved in Kid-tubulin interaction. In living cells, the eect of SIAH-1 on microtubule dynamics has to be con®rmed, but it becomes clear that associated proteins such as Kid share with tubulin a prominent role, and the balance between synthesis and degradation of these proteins in¯uences the correct achievement of mitosis.
It is known that MAPs are essential for extrinsic regulation of microtubule behavior. SIAH could in a more general feature interact with MAPs and modulate the assembly of microtubules. We also found that SIAH interacts, in the two-hybrid assay, with the elongation factor 1a (EF-1a) (data not shown). EF-1a named for its role in protein translation, is a highly conserved ubiquitous GTP-binding protein that bundles and severes microtubules by interacting with the C-terminus of tubulin (Condeelis, 1995) ; (Moore et al., 1998; Shiina et al., 1994) . SIAH eect on Kid and EF1a could eventually be paralleled.
Considering that the coordination between microtubule dynamics and chromosome movements seems to be achieved by kinetochore motors, among which Kid, we suggest that SIAH could regulate the mitotic process both, by interacting with microtubule proteins and controlling kinesin levels through cell cycle regulating complexes of ubiquitination. The involvement of SIAH-1 in such degradative regulatory complex of kinetochore motors is now evidenced. Finally, since SIAH-1 is a p53-induced gene during apoptosis and is implicated in mitosis regulation, it may be one candidate protein implicated in coupling the cell-suicide responses to the check point machinery involved in later cell cycle steps, as described recently for survivin (Li et al., 1999) .
Materials and methods
Plasmids and reagents
For construction of pLex ± SIAH-1, the KpnI fragment (bp 33 ± 849) of SIAH-1 cDNA was subcloned in frame with the LexA DNA-binding domain in pVJL10 . Myc-tagged and pGEX SIAH-1, were generated by subcloning the full-length cDNA of SIAH-1 into EcoRI sites of the pCAN ± M2 or pGEX ± 4T2 respectively. pcDNA3-HA-SIAH-1DN generated by PCR ampli®cation corresponded to coding sequence from 229 to 831 bp of SIAH-1. pGEX ± SIAH-2 and pGEX ± v460 were previously described . pGEX-DC, pGEX-DE encoding fragments of SIAH-2 were generated by PCR ampli®cation of the full-length SIAH-2 with appropriate primers followed by ligation into EcoRI ± XhoI sites of pGEX ± 4T2.
pGEX ± KID was obtained by cloning H16 fragment (residues 404 to 665) from pGAD ± H16 into EcoRI ± NotI sites of pGEX ± 4T2 (Pharmacia Biotech Inc.). pSV-bgal vector (Promega) contained the b-galactosidase gene driven by the SV40 promoter. pME-KID was kindly provided by Dr N Tokai (Kyoto-Japan). Puri®ed tubulin was prepared as described (Jourdain et al., 1997) and kindly provided by Dr MF Carlier. Puri®ed SIAH-1 was prepared by thrombin cleavage of the GST fusion protein (1 U/ml Pharmacia Biotech).
Yeast two-hybrid system
The yeast two-hybrid screen was performed with pVJL10 ± SIAH-1 as a bait and a cDNA library from Jurkat-T cells fused to the GAL4 activation domain in pGAD1318 as previously described .
Cell culture, transfection and antibodies
The human breast cancer cell line MCF-7 transfected with the c-DNA encoding SIAH-1 or with a control vector was obtained and cultured as previously reported (BruzzoniGiovanelli et al., 1999) . Jurkat-T cells were cultured in RPMI 1640 medium (Gibco) supplemented with 10% FCS and 2 mM L-Glutamine and penicillin-streptomycin. For transient expression Jurkat-T cells (10 6 ) were electroporated (at 260 V and 960 mF) in 0.5 ml of RPMI 1640 medium supplemented with 20% fetal calf serum in a Gene Pulser cuvette (BioRad) and MCF-7 cells were transfected with the Fugene 6 reagent as recommended by the supplier (Boheringher).
Polyclonal antibody against a N-terminal peptide (®rst 25 aa) of SIAH-1 was generated in the chicken and anity puri®ed (Agro-Bio, France). Rabbit polyclonal anti-Kid antibody was kindly provided by Dr N Tokai. Mab antiactin was provided by Dr S Fischer. Mabs against myc epitope and a-tubulin were purchased from the American Type Culture Collection (9E10-CRL 1725) and Amersham (USA) respectively.
Cell synchronization
Exponentially growing MCF-7 cells were synchronized by serum starvation in DMEM for 24 h. The cells were further released in DMEM with 10% FCS for various period of time (15 ± 39 h) allowing the entry in the cell cycle. Eventually after 15 h of release, 10 mg/ml aphidicolin, 10 mM hydroxyurea or 40 ng/ml nocodazole were added for 24 h to block the cell culture in G1/S, S and early M phases respectively. The cell populations were analysed bȳ ow cytometry after propidium iodide staining of the DNA SIAH-1 mediates Kid degradation A Germani et al and total cellular extracts corresponding to the same time point were prepared.
Immunofluorescence studies
Transfected cells were grown on glass slide chambers as monolayers (Labteck, Nunc). After 5 days or 1 day of culture for stable or transiently transfected cells respectively, the slides were washed with PBS and ®xed in methanol (2 min) or in 2% paraformaldehyde (PFA) for 10 min at room temperature. Endogenous peroxidases were neutralized by 15 min incubation in 3% hydrogen peroxide in PBS. Non speci®c protein binding was blocked by incubation in 3% BSA, 0.1% Saponin in PBS for 2 h. Slides were then incubated 3 h or overnight with primary antibody diluted in 0.3% BSA, 0.1% Saponin in PBS. After three washes, staining was revealed using peroxidase conjugated secondary antibody for 3 h and tyramide-tetramethylrhodamine (DuPont/NEN, USA) was then applied as ampli®cation substrate. Nuclei were counterstained with DAPI or YOYO.
Immuno¯uorescence analysis was performed using a Zeiss epi¯uorescence microscope equipped with a cooled threecharged coupled device (3CCD) camera (Lhesa, France), triple band pass ®lter and a high numerical aperture lens (4061.3 NA and 10061.3 NA).
In vitro binding and immunoprecipitation experiments
GST fusion proteins were induced and puri®ed as previously described . Lysates from MCF-7 or Jurkat-T cells performed in NP40 buer (10 mM Tris-HCl pH 7.4, 150 mM NaCl, 10% glycerol, 1% NP40, 1 mM DTT, 1% aprotinin, 1 mM phenylmethylsulfonyl¯uoride [PMSF], 1 mg/ml pepstatin and 1 mg/ml leupeptin), were incubated for 2 h with the fusion proteins bound to glutathione-coupled agarose beads (Pharmacia). For direct interaction we used puri®ed tubulin or SIAH-1 eluted from the GST by cleavage with trombine. The beads were washed ®ve times in NP40 lysis buer, resuspended in Laemli buer and resolved in 12% SDS ± PAGE. After electrotransfer, nitrocellulose membranes were probed with primary Ab (diluted 1 : 1000) followed by secondary Ab conjugated to horseradish peroxidase and then revealed by enhanced chemiluminescence assay (ECL Kit, Amersham).
For coimmunoprecipitation experiments, Jurkat-T cells were lysed in NP40 buer approximately 24 h after transfection and lysates were incubated at 48C with antimyc tag mAb (9E10) for 4 h followed by protein G sepharose (Pharmacia) for 1 h.
In vitro ubiquitination assay
In vitro transcribed/translated (Promega, TNT coupled reticulocyte lysate system) Kid proteins (3 ml), were incubated with 100 mg of HeLa cell extract (fr II) (Anity Research) in a 25 ml reaction including an ATP regenerating system (40 mM Tris-HCl pH 7.6, 5 mM KCl, 5 mM MgCl 2 , 2 mM DTT, 2 mM ATP, 10 mM creatin phosphate, 3.5 U/ml creatin phosphokinase, 0.6 U/ml inorganic pyrophosphatase), 5 mg ubiquitin and 3 ml of in vitro transcribed/translated SIAH-1 or SIAH-1DN. Incubation was performed for 1 h 30 min at 308C and reactions were resolved by SDS ± PAGE. Proteins in the gel were transferred to a PVDF membrane (Millipore) and analysed by immunoblotting using anti-Kid pAb.
